of the oily and aqueous suspensions and the aqueous solution of amoxicillin sodium, the solution form reached maximum plasma concentration in 15 min while the suspension form reached in 6 hr in calves (Ramos, Boison, & Friedlander, 2018) . In the same report, the terminal half-life of amoxicillin sodium (7 mg/kg bw, IV) was determined as 91 ± 5 min in calves. Amoxicillin was rapidly distributed and slowly eliminated in lactating goats. The half-life of amoxicillin and clavulanic acid were not different when they were administered in alone or in combination (Escudero, Carceles, & Vicente, 1996) . The residence time of amoxicillin trihydrate in plasma was longer than that of its sodium salt, and the bioavailability of both forms was similar in sheep (Fernandez, Modamio, Mestorino, Errecalde, & Marino, 2007) . Factors such as species and administration route were indicated to not change the pharmacokinetics of amoxicillin trihydrate (Craigmill, Pass, & Wetzlich, 1992; Elsheikh, Taha, Khalafalla, Osman, & Wasfi, 1999) . However, the findings of other studies and from scientific sources are contradictory (Adams, 2001; Baggot, Love, Stewart, & Raus, 1988; Riviere & Papich, 2009; Ten Voorde, Broeze, Hartman, & Van Gogh, 1990) . After 96 hr, the amoxicillin level in the milk samples of cows treated with amoxicillin trihydrate (11 mg/kg bw for 5 days, IM) has been found to be ≤0.01 mg/L in three cows and 0.96 and 0.79 mg/L in two cows (Ramos et al., 2018) . The administration of a high dose of amoxicillin trihydrate (22 mg/kg bw) to the cows did not cause the drug concentration in the milk to exceed 10 μg/L during the withdrawal time (Anderson, Moats, Rushing, Wesen, & Papich, 1996) .
Knowing the pharmacokinetic behaviors of drugs in biological fluids and tissues can facilitate the effective use of drugs in treatment.
When studies with amoxicillin in dairy cows were screened, no references including amoxicillin milk pharmacokinetics after parenteral administration and its milk/plasma (M/P) ratio were found, but this ratio theoretically is given as 0.26 (Bogan, Lees, & Yoxall, 1983) . The aim of this study was to determine M/P ratio and the milk and plasma pharmacokinetics of amoxicillin after IM administration in dairy cows.
| MATERIAL S AND ME THODS

| Animals
The study was carried out on five healthy dairy cows (Holstein, weighing 450-500 kg, aged 2-4 years, mean daily milk yield of 20-25 kg). Clinical examination (udder inspection and palpation, appetite, vigor, vaginal discharge, body's temperature) feed intake, milk yield, and somatic cell count (SCC) were considered as health criterion. The SCC was calculated according to "Breed Method" in the total milk of each cow (ISO, 2008) . The animals were maintained under the same management and feeding conditions for 1 month to prevent the administration of any drugs. During the study, cows were fed ad libitum with concentrate mix, clover, straw, and water.
The Ethics Committee of the Selcuk University, Faculty of Veterinary Medicine (no. 2018/013) approved the use of the animals for this study and all study protocols.
| Experimental design
Each cow received a single IM injection of amoxicillin trihydrate (Synulox containing amoxicillin trihydrate plus clavulanic acid, Pfizer, NY, USA) at a dose of 14 mg/kg bw into the dorsolateral region of the neck. The dose used in the study was determined considering the doses (10-25 mg/kg bw) used in other studies related to amoxicillin (Carceles, Escudero, & Baggot, 1995; Carceles, Escudero, Vicente, Serrano, & Carli, 1995; Craigmill et al., 1992; Elsheikh et al., 1999; Escudero et al., 1996; Fernandez et al., 2007) . Blood samples (10 ml) were collected from the jugular vein into tubes with EDTA prior to drug administration (0); after 15, 30, 45, 60, and 90 min; and 2, 3, 4, 6, 8, 10 , and 12 hr after drug administration. Blood samples were centrifuged at 2,205 g for 15 min within 1 hr after collection, and plasma samples were stored at −80°C until analysis.
Similarly, milk samples (50 ml) were collected into sterile tubes and stored at −80°C until analysis prior to antibiotic administration (0); after 15, 30, 45, 60, and 90 min; and 2, 3, 4, 6, 8, 10 , and 12 hr after administration.
| Analytical method
The plasma and milk concentrations of amoxicillin were determined using a high-performance liquid chromatography (HPLC) system (Shimadzu, Tokyo, Japan) consisting of a pump (LC-20AT with CBM-20A system controller), a degasser (DGU-14A) to pump the mobile phase, an autosampler (SIL 20A), and a column oven (CTO 10A). Amoxicillin determination in plasma and milk using HPLC was based on the modified methods reported by Vree, Hekster, Baars, and Van der Kleijn (1978) , Martínez-Huelamo, Jiménez-Gámez, Hermo, Barrón, and Barbosa (2009), and Karageorgou and Samanidou (2011) . The detection of amoxicillin in plasma and milk was performed using a SPD-10A UV-VIS detector set at 225 nm. The column and autosampler were kept at room temperature. The reverse-phase chromatography was performed using an analytical Gemini C18 column (250 mm × 4.6 mm i.d., 5 μm; Phenomenex, USA). The isocratic mobile phase was a mixture 0.1% trifluoroacetic acid (Merck, Germany) and acetonitrile (VWR, France) (92:8, vol/vol). The flow rate was 1 ml/min, and the injection volume was 50 μl.
A total of 75 μl of 1N perchloric acid (Merck, Germany) were added to 100 μl of plasma samples. After centrifugation at 11,180 g for 10 min, 50 μl of clear supernatant was injected into the column.
Ten milliliters of 1M hydrochloric acid (Carlo Erba, Spain) was added to 10 ml of milk samples. After centrifugation, the supernatants were subjected to a solid-phase extraction (SPE) using Strata X cartridges (Phenomenex, USA). The cartridges were activated with 3 ml of methanol (VWR, France) and 3 ml of distilled water. After the samples were passed through the system, the cartridge was cleaned with 3 ml of distilled water to decrease the matrix interference. After 1 min of drying, the analytes were eluted with 1 ml of 0.1% trifluoroacetic acid and acetonitrile (92:8, vol/vol).
| Method validation
Method specificity was evaluated by comparing chromatograms of blank plasma and milk with corresponding plasma and milk samples spiked with amoxicillin and plasma and milk samples collected from amoxicillin treated cows. For milk and plasma samples, calibration curves were linear from 20 to 2,000 ng/ml. The mean analytical recovery for amoxicillin in plasma and milk was more than 82%. The limit of detection (LOD) and the limit of quantification (LOQ) of amoxicillin for plasma and milk were 10 and 20 ng/ml, respectively.
Amoxicillin quality control (QC) samples at low (20 ng/ml), medium (200 ng/ml), and high (2,000 ng/ml) concentrations were spiked to plasma and milk for determining the precision and accuracy on six consecutive days. For plasma and milk at all levels, intra-and interassay precision levels were lower than 3% and 4%, respectively. The intra-and interassay accuracy levels ranged from −5.06% to 2.21% and from −1.35% to −0.36%, respectively. was determined by linear regression analysis of the last data points after log-transformation of the data. The maximum concentrations of amoxicillin (C max1 and C max2 ) and times to reach maximum concentrations (T max1 and T max2 ) were ascertained based on the observation of the plasma and milk concentrations of each animal.
| Pharmacokinetic calculations
The M/P ratio was calculated based on the AUC milk /AUC plasma, C max2-milk /C max2-plasma, and concentrations of milk and plasma at the sampling times.
| Statistical analysis
Descriptive statistics were applied for all variables. Statistical analysis was performed using SPSS 23.0 software program (IBM., Chicago, IL, USA). All results were expressed as mean ± SD. Harmonic means were calculated for the elimination rate constant (λz) and MRT.
| RE SULTS
The SCC of the cows was 152,000, 163,000, 210,000, 201,000, and 217,000 cells/ml, respectively (Table S1 ). The semi-logarithmic plot of plasma and milk concentration-time curves and the pharmacoki- Table 2 . Also, the M/P ratio of amoxicillin determined using milk and plasma concentrations at sampling times was found to be 0.52.
| D ISCUSS I ON
Information on the concentration of amoxicillin administered using different administration routes in milk is lacking. However, no study has reported on the passage ratio of amoxicillin into milk and milk pharmacokinetics after intramuscular administration. In the present study, the M/P ratio for amoxicillin trihydrate was calculated as 0.46. The passage of amoxicillin into milk was found to be good compared with other penicillins because the M/P ratios of penicillins such as benzylpenicillin, ampicillin, and cloxacillin were between 0.13 and 0.30 (Adams, 2001) . The best calculation of M/P ratio was based on the AUC for milk and plasma (Bolat et al., 2014; Fleishaker, 2003; Korth-Bradley et al., 2011; Larsen, Ito, & Koren, 2003) . However, the M/P ratio of drugs could be calculated on the basis of milk and plasma concentration at sampling times. The ratios calculated by aforementioned method were almost similar to those based on AUC (0.52 vs. 0.46) in this study. On the contrary, the ratio of C max parameters of the drugs in milk and plasma provided information about the M/P ratio. In the present study, the ratio based on Wilson, Spensley, Baggot, & Hietala, 1988) . In the present study, the T 1/2λz and T max2 of amoxicillin in suspension form after IM administration were determined as 6.05 and 1.50 hr, respectively. Nouws et al. (1986) found that the aforementioned pharmacokinetic parameters were 8.8 and 2.6 hr, respectively, when amoxicillin trihydrate was administered in dairy cows intramuscularly at a dose of 10 mg/kg bw. Similarly, Nouws and Ziv (1978) Notes. λz: elimination rate constant; T 1/2λz: terminal half-life; AUC 0-∞ : area under concentration-time curve from time 0 to infinity; AUMC 0-∞ : area under the first moment of the plasma and milk concentration-time curve from time 0 to infinity; MRT 0-∞ : mean residence time from time 0 to infinity; T max1 : time to reach first maximum concentration; T max2 : time to reach second maximum concentration; C max1 : first maximum drug concentration; C max2 : second maximum drug concentration; Vz/F: apparent volume of distribution during terminal phase after intramuscular administration; Cl/F: apparent total clearance of the drug from plasma after intramuscular administration. a harmonic mean.
TA B L E 2 Time-dependent plasma and milk concentrations of amoxicillin (14 mg/kg bw) in Holstein cows (n = 5) after a single intramuscular administration (mean ± SD) sites on the pharmacokinetic behavior found the biological halflife of amoxicillin trihydrate as 6.2, 6.9, and 13.2 hr for the neck, M.
triceps, and buttock, respectively. The values for the neck and M.
triceps were similar to the findings of the present study (Rutgers et al., 1980) . This study determined two maximum concentrations in plasma and milk. This was related to the pharmacokinetic properties and pharmaceutical form of amoxicillin. Amoxicillin was rapidly absorbed and slowly excreted. However, the absorption and solubility of ampicillin trihydrate, which has higher water solubility compared with amoxicillin, in aqueous suspension was irregular and poor (Escudero et al., 1996; Riviere & Papich, 2009) . It has been stated that amoxicillin undergo entering the enterohepatic circulation (Bogan et al., 1983) . Therefore, this might be caused double C max in the plasma.
Also, after amoxicillin was administered to calves, it reaches a high concentration in the bile and remained in the small intestine for a long time (Ramos et al., 2018) .
No studies related to milk pharmacokinetics of amoxicillin after IM administration in dairy cows were found. The elimination halflife of amoxicillin was found to be 7.17 and 5.34 hr in a study by Li, Wu, Tang, Xiao, and Li (2014) comparing the milk pharmacokinetics of two different intramammary formulations of amoxicillin in dairy cows at the same dosage regimen (200 mg dose every 12 hr for three consecutive days). In cows with mastitis, this value was determined as 8.1 hr after a single intramammary administration of amoxicillin at a dose of 200 mg (Burmańczuk, Tomasz, Gbylik-Sikorska, Gajda, & Kowalski, 2017) . The difference between the findings of the aforementioned studies and the present study might be due to the differences in dosage regimen, administration route, and pharmaceutical form.
The minimum inhibitory concentration (MIC) value for amoxicillin and its combination with β-lactamase inhibitors was above 0.25 and 0.125 μg/ml, respectively, for most susceptible bacteria (Bingen et al., 2012; De Oliveira, Watts, Salmon, & Aarestrup, 2000; Diarrassouba et al., 2007; Ding et al., 2016; Gianneechini, Concha, & Franklin, 2002; Li et al., 2014; Maisak, Tipmongkolsilp, & Wongtavatchai, 2011; McDougall, Hussein, & Petrovski, 2014; Payne et al., 2002) . Amoxicillin level above 0.125 μg/ml was maintained for >12 hr in plasma and 8 hr in milk when the aforementioned amoxicillin MIC values were compared with the values in the present study.
In summary, the present study showed that (a) milk and plasma concentrations at sampling times and C max in milk and plasma could be used besides AUC to determine M/P ratio of drugs. 
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